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^^ . Abstract. New Hi observations of the nearby radio-loud galaxies Centaurus A and 

B2 0258+35 show broad absorption (AiVbsmp ~ 400 km s"') against the unresolved nu- 

' (-H ' clei. Both sources belong to the cases where blue- and redshifted absorption is observed at 

Oj. the same time. In previous Cen A observations only a relative narrow range of redshifted 

I . absorption was detected. We show that the data suggest in both cases the existence of a cir- 

O ' cumnuclear disk. For Cen A the nuclear absorption might be the atomic counterpart of the 

M I molecular circumnuclear disk that is seen in CO and H2. Higher resolution observations are 

C/3 , now needed to locate the absorption and to further investigate the structure and kinematics 



of the central region of the AGN and the way the AGN are fueled. 
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■^ ■ 1. Introduction tion of gas from the ISM/IGM JBest 1 120051; 

^. ! iBalmaverde Il2008h . 

C^ ■ The central region of AGN and the way AGN A powerful tool to learn more about the 

O ; are fueled are important topics in current structure of the central regions of AGN and 

00 , extra-galactic astronomy. Mergers have always the fueling mechanism is the study of the 

been considered important for the triggering of distribution and kinematics of the gas. In order 

AGN by providing the mechanism that could to perform detailed studies of single objects 

bring gas to t he central regions and fuel the we have selected two Hi-rich radio-loud 



black hole (e.g.lHibbard & van Gorkomll996l: galaxies, the merger remnant Centaurus A and 

iMihos&HernquistI Il996t iBarnesI l2002h . B2 0258+35 (NGC 1 167). The later is unlikely 

While this seems to be likely in powerful to be a recent merger but has a young radio 

radio galaxies, recent observations show that source suggesting that "cold accretion" from 

other AGN - e.g. low-power radio galaxies - the IGM plays the dominant role by providing 

exist where there is no evidence for accretion the fuel for the AGN activity (see Sect. 3). 

through mergers. The activity in these galaxies Neutral hydrogen is an ideal tracer of ac- 

appears to be associated with the slow accre- cretion, interaction and merging events. 
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Fig. 1. Cent aurus A: Left panel: H i absorption against the unresolved nucleus as derived from the ATCA 
observations JMorganti et al. luOOSt) . The total absorption width ranges from 400 to 800 km s"'. The arrow 
indicates the previously known (redshifted) absorption. The vertical line gives the systemic velocity. Right 
panel: Position-veloc ity plo t of th e H i (grey-scale and thin contours) and superimposed the CO emission 
(thick contours; from lLisztl ( 1200 ll) . taken along position angle 139°. Note that the CO observations do not 
extend beyond a radius of about 1 arcmin. Figure taken from .Morganti et al. , (.loos') . 



Hi in absorption has been often d e tected 
radio sources (see e.g. IConwavl Il997t 



l2005h . 



IVermeulen et al. Il2003t iMor ganti et al^ 
These absorption structures have shown a va- 
riety of characteristics. Hi absorption profiles 
only redshifted (relative to the systemic veloc- 
ity), were initially found in a number of radio 
galaxies and interpreted as gas clouds that are 
falling into the nucleus, possibly indicating 
accretion of gas which deliver the f uel for the 
AGN (e.g. lvan Gorkom et al.]ll989l) . However, 
more sensitive and broader band observations 
have shown that the picture is more compli- 
cated and that blueshifted absorption occurs 
even more often than redsh i fted absorption 
(e.g. IVermeulen et al. 1 120031: iMorganti et"an 
I2005h . 

In other cases, the H i absorption is centered on 
the systemic velocity of the galaxy and these 
cases have been often interpreted as H i associ- 
ated with a ci r cumnu c lear disk (or torus), se e 
e.g. IConwav I (1 19971) . iPeck & Taylor] (|2001|) . 
Support for the picture of a circumnuclear 
disk comes from theoretical work that indeed 
predict the existence of such circumnuclear 
Hi disks around (act i ve) black hol es (see e.g. 
lMalonevetal7lll996t lLoebll2008h . Thus, the 
picture is more complicated and the questions 
concerning the central structure and fueling 
remains. 



2. Centaurus A 

The prime galaxy to investigate these questions 
is Centaurus A, the closest radio-loud galaxy at 
a distance of only 3.5 Mpc. Observations have 
shown redshifted Hi abs orption against the 
unresolved nucleus (e.g. [ van der Hulst et al. I 
119831; ISarma et al. I |2002|). This has been 
interpreted as gas clouds close to the nucleus 
which are falling in, feeding the black hole. 
However, our new ATCA observations 
(Morganti et al. 2008; Struve et al. in prep.) 
revealed for the first time blueshifted absorp- 
tion (w.r.t. the systemic velocity). Moreover, 
the data show that the nuclear redshifted ab- 
sorption is significantly broader than reported 
before, see Fig. 1. The total absorption width 
is 400 km s-'. 

The large-scale gas and dust disk has a 
complicated warped structure which is close 
to edge-on. Thanks to a careful modeling of 
the warped disk of Hi seen in emission (and 
partly in absorption) we have shown that the 
nuclear absorption must arise mainly in the 
vicinity of the nucleus (Struve et al. in prep.). 
This raises the question of what the structure 
in the vicinity of the black hole is and which 
mechanism fuels the black hole. 
The fact that red- and blueshifted absorption 
is observed at the same time suggests that 
the Hi absorption is not, as was previously 
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Fig. 2. B2 0259+35: Left panel: Hi absorption against the unresolved nucleus as derived from the new 
WSRT observations (Struve et al. in prep.). The total absorption width is larger than 400 km s"'. The 
vertical line indicates the systemic velocity. Right panel: Position- velocity plot of the Hi (grey-scale and 
contours) taken along the major axis (PA = 75°). 



claimed, evidence of gas infall into the AGN, 
but instead is due to a cold, circumnuclear 
rotating disk , similar to that seen in CO (Fig.[Tl 



Liszt 2001) and at other wavelengths (e.g. 
Neumaver et al. ..2008.) . However, the absorp- 



tion is Umited by the background structure. 
VLBI observations, which have much higher 
angular resolution than the ATCA data (beam 
size ~ 6"), revealed significant structure on 
milli-arcsecond scale: an u nresolved nticleus , 
a jet and a counter j et (e.g . |Jonesetainil996t 
iTingay & Murphy] l200ll) . The nucleus is 
only visible at high fr equencies, while at low 
frequencies (2.3 GHz iJones et al. 1 1 19961) the 
VLBI nucleus is obscured, suggesting that the 
spectrum is inverted and the nucleus is also 
invisible at 1.4 GHz. Thus, the absorption 
observed with the ATCA must arise from an 
extended structure. 

The nuclear disk detected in molecular and 
ionized-gas lines (see ref. in Morganti et al. 
I2OO8I) has a major axis that is roughly per- 
pendicular to the jet axis. Therefore - if the 
Hi is located in a rotating disk and if the 
absorption arises against the jet/counter-jet 
- only velocities close to the systemic are 
expected, given the small opening angle of 
the jet. Thus, it would be hard to explain the 
large velocity width. The absorption is likely 
to be occurring elsewhere. Interestingly, extra 
flux (> 50 mJy) is clearly present on the short 
baselines in the 1.4 GHz VLBI experiments 



(lTingav& Murphy I l200lh . indicating the 
presence of continuum structures that are too 
large to be properly imaged. Therefore, the 
absorption could (at least partly) also arise in 
front of this diffuse component, explaining the 
full absorption width observed in the case of a 
circumnuclear H i disk. 



3. B2 0258+35 

B2 0258-H35 is a young radio source (~ 10^ yr, 
iGiroletti et aTl I2OO5I) with a two-lobes 
structure extended about 1 kpc. The stellar 
population contains old plus intermediate age 
(> 4 Gyr) s tars, but does not have a young 
component dEmonts I l2006h . suggesting that 
the host galaxy NGC 1167 is not a recent 
merger. Therefore, the radio source is unlikely 
to be triggered by a merging event. A large 
(~ 160 kpc), regularly rotating Hi disk (con- 
taining more than lO"^ Mq of Hi ) has bee n 
observed with the WSRT ( EmontsI l2006h . 
New WSRT observations show the presence 
of halo gas which is being accreted from the 
IGM (Struve et al. in prep.). The large, regular 
rotating H i disk (which is not warped) further 
confirms that NGC 1167 is an old merger but 
the presence of halo gas suggests that "cold 
accretion" from IGM may be occurring, and 
could perhaps be related to the triggering of 
the AGN. 
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Against the radio source (unresolved in 
the WSRT observations) fairly symmetric 
blue- and redshifted absorption is found, 
Avabsoip > 400 km s"' (Fig.|2 Sti'uve et al. in 
prep.). Unlike for Cen A, the continuum struc- 
ture of B2 0258-1-35 is extended around the 
nucleus on the arcsecond scale in all directions 
and n ot only along the jet axis dGiroletti et al. I 
l2005h . Hence, the data suggests that the 
absorption is caused by a cold, circumnuclear 
disk. 



4. Conclusions and Outlook 

Using new, broad band observations of Cen A 
and B2 0258-1-35 we have shown the presence 
of blue- and redshifted H i absorption against 
the unresolved nuclei. Both galaxies belong 
to the group of radio-loud galaxies where 
blue- and redshifted absorption is observed 
at the same time. Previously, for Cen A only 
a narrow range of redshifted absorption was 
detected. 

We have shown dMorganti et al. I l2008l) that 
the Hi absorption in Cen A is not evidence 
of gas infall into the AGN, but instead is due 
to a cold, circumnuclear rotating disk. The 
absorption profile of the WSRT data suggests 
the same interpretation for B2 0258-1-35. Both 
observations are in agreement with theoretical 
work which predicts the existence of such 
circumnuclear disks. However, these results 
leave the fueling question open. 
Sensitive, higher resolution observations 
(VLB! for Cen A and VLA A-array for 
B2 0258-1-35) are now needed (and proposed) 
to detect and locate the absorption in order 
to further explore the characteristics of the 
nuclear Hi and to test the hypotheses of 
circumnuclear disks. 

Both sources are unique objects. Cen A is 
the closest AGN and therefore the linear 
scale is much better than for any other radio- 
loud source. Hence, the inner structure and 
fueling mechanism can be studied in great 
detail. Because the background structure of 
B2 0258-1-35 is extended around all directions 
of the black hole, higher spatial resolution 
data will allow to investigate the complete 2-D 



kinematics in the vicinity of the AGN. For both 
sources it will be interesting to investigate the 
presence of velocity gradients (which might 
be evidence for circumnuclear disks) as well 
as radial motions (infall/outflow?). 
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